Flow and transport calculations are carried out by numerical simulation for different tracer designs: singlewell radially diverging /converging (huff-puff), single well radially converging, and two-well injection-withdrawal (doublet) in a 2D fracture zone. The fractured rocks are conceptualized as a dual-continuum: the well-connected fractures forming a heterogeneous continuum for advective transport, and the less permeable matrix forming a second continuum for tracer diffusion. Results show that the huffpuff design is a good diagnostic test for matrix diffusion. The two-well doublet design averages over a large volume and corrects for the extreme sensitivity to spatial heterogeneities of the single well converging test, but requires prior knowledge of presence or absence of matrix diffusion to give reliable estimate of transport parameters.
Introduction
The inverse problem of deducing parameters which characterize transport in geological formations from tracer test data is inherently non-unique; that is, equally good fit to the tracer test data may be obtained from different conceptual models and their associated parameters. For example, breakthrough curves for transport in a heterogeneous fractured medium often have the characteristics of a fast rise and a long tail (Frost and Davison, 1994; Gustafsson and Nordqvist, 1993) . But this fast rise and long tail in the tracer breakthrough can also be ascribed to retardation processes such as matrix diffusion, or to well bore effects at the tracer injection or sampling wells (e.g. Novakowski, 1992). Since interpretation of tracer data usually does not end at data fitting, rather the results are used for prediction, or up scaling; then it is crucial to minimize the model uncertainty, and to maximize confidence in the "correctness' of the conceptual model employed.
In this paper we explore the role of different tracer test designs to discriminate different processes which affect the transport, thus aid in reducing model uncertainty. We place emphasis on the interference of heterogeneity with matrix diffusion, and its effect on the inverse problem. The test designs studied are: single well radially divergingconverging flow (huff-puff), single well radially converging flow, and two well injection-withdrawal flow (doublet).
Gelhar et al. (1992) discussed the effects of different tracer
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0094-8534/95/95GL-O 1093 $03.00 designs on the reliability of the reported dispersivity in a critical review of published field-scale dispersion from tracer experiments. They maintain that in huff-puff tests the dispersion is reversed at the pumping phase, hence is unsuitable for determination of medium dispersivity. Our study shows that for the same reason that huff-puff design underestimates dispersivity due to heterogeneity, it proves to be particularly effective in determining matrix diffusion parameters.
Approach
Fracture media can be conceptualized either as a discrete network, where connectivity is very much an issue, or as a continuum. In this paper we conceptualize a fracture zone as a 
Two Well Injectio.n-Withdrawal (Doublet) Tracer Test
The doublet test configuration involves a large amount of spatial averaging and perhaps can give a better estimate on the transport parameters which characterize the fracture zone. Figure 4 shows that both the single-and dual-continuum models give similar negative slope in the log-log plot, but the arrival time differs by several orders of magnitude. Within the same conceptual model (single-or dualcontinuum), homogeneous and heterogeneous results are similar. Therefore the spatial averaging in the doublet design is effective in minimizing the effect of flow channeling due to heterogeneity, and corrects for the sensitivity to spatial variability encountered in the converging test (Figure 3 ). An examination of the analytical solution for doublet configuration for a single-continuum shows that the asymptotic slope of the tracer recovery on a log-log plot is very close to -3/2; the very long tail arises purely from the large range of path lengths in the doublet configuration.
Therefore the asymptotic behavior of t '3/2 characteristic of matrix diffusion in single well radial flow geometry is no longer distinct from its absence in the doublet design. There is now in the doublet configuration no clear signature for the presence of matrix diffusion at any level of heterogeneity, though matrix diffusion has the effect of shifting the arrival time by orders of magnitude. This implies that estimation of site characterization parameters can involve large uncertainty unless prior knowledge of presence or absence of matrix diffusion exists.
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